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f(ξ, t) = kATP .ICaTnC≥C̄ .Iξ∈[0,1],
g(ξ, t) = α|ε̇c| + kSR.ICaTnC<C̄ + kATP .ICaTnC≥C̄ .Iξ /∈[0,1].
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u(t) = kATP .ICaTnC (t)≥C̄ − kSR.ICaTnC (t)<C̄ê½â í«çlèí
f(ξ, t) = |u(t)|+.Iξ∈[0,1]
èé#î
f(ξ, t) + g(ξ, t) = α|ε̇c| + |u(t)|
eç#åaì½å
|u|+ = max(0, u) = kATP .ICaTnC (t)≥C̄
è.é#î
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τ̇c = kcε̇c − (α|ε̇c| + |u|)τc + σ0|u|+, τc(0) = τc0 ,
k̇c = −(α|ε̇c| + |u|)kc + k0|u|+, kc(0) = kc0,
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|τc(0)| ≤ σ0 + k0/α
påê½åaåí½çlèí
|τc| ≤ σ0 + k0/α
è.ï gè
#Kêç#â<ïðî&ê
9 å æQèé Ló#ìí«ç#åaìzáðéí«åaì½ò#ìåaízí«ç#åqè.æÿí«á 	<å æ>â<é&êí«áÃí«ó&í½á$	.åÌïdè
  #æaâ<é#ê½áãî#å>ìáðé#ñ τ̃c =
τc + kcξ0




˙̃τc = kcε̇c − (α|ε̇c| + |u|)τ̃c + (σ0 + k0ξ0)|u|+, τ̃c(0) = τc0 + kc0ξ0,
k̇c = −(α|ε̇c| + |u|)kc + k0|u|+, kc(0) = kc0,
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eç#å>ìåáÃíeè.ò#ò)åQèì½êpí½çlèíeê½â.äåyåaé#å>ìñ#~æ>è.é 'åêó#ò#ò#ïãáðåaî í«âGí«ç#åêG#Kêí«åaä â<é#ï # eç&å>é
u > 0
è.é&î
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− div(σm.∇v) + Iion(v, w) = Iext in ΩH ,
∂w
∂t
− R(v, w) = 0 in ΩH ,
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{
cmIion(v, w) = kv(v − a)(v − 1) + vw,
R(v, w) = ε(v, w)(−w − kv(v − a − 1)),
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u = h(v − v̄)
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F = 1 + ∇ y,
• C
í«ç&åìáðñ<çí gèó#æ¡ç #_ô ¹ìå>åaé î#åLâ.ì½äèí«áãâ<éÕí«åaé#ê½â.ì 	Ká
C = F T · F ,
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Ĩ1 = I1J
− 1
3 , Ĩ2 = I2J
− 2
3 , J = (I3)
1
2 .
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#ì«è.é&æ¡ç 
M 0
+é±í½ç#åeè.æÿí«á$	.å#ì«èé#æ¡çGí«ç#åâ<é&ï$#Nìå>ïãå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Lâ.ì½äèí«áãâ<é#ê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Háãñ  
´ô  !¹æ>â<ä(ò)â<ê½åzè.æaæ>â<ìî#áðé&ñ í«â è äNó#ïÃí«áãò#ïðáãæQèí½á$	<å  é#âíè.î#î#áÃí«á$	.å  ì½ó#ïãå 	Ká
1 + 2ε1D = (1 + 2εc)(1 + 2εs),
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æaâ<é#êáðî#åaì½å>î 4í½ç#å pïdè.ó#êáðó#ê














: Ė ≥ 0, ∀Ė.
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èí«åaì½áðè.ïðêÒè.é#î å>ìâ<é#îlèô
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W e1 = κ1(Ĩ1 − 3) . . .
é&å>âô 1âKâ .å>è.éí½å>ìä
W e2 = κ2(Ĩ2 − 3) . . .
ââ<é&å#ô eá$	KïðáãéÕí«åaì½ä
W e3 = κ3(e
η(Ĩ1−3) − 1) . . .
 åaì½â<é&îlèô 9 å>êí«ä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 M  !
9 åò'â<áãéípâ<óípí«ç#èípêå	.å>ì«èïWè.ó&í½ç#â<ìêpî#âNé&â.ípìå>êí«ì½áãæaíÂí«ç#åæ¡ç#â<áðæaåâWå>ïdèêí«áãææaâ<é#êí«áÃôí«ó&í½á$	<åÊïdè
í½â ç #ò)å>ìå>ïðè.êí½áðæäÕèí½å>ìádè.ïãêeè.é#îLâKæ>ó#êâ<é 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 "±è.é&î çlèê )å>åaéÔáãé_í½ì½âKî#ó#æaå>î  # 1ó#éí«åaì
./






	.åÊæaâ<é#ê½áãî#å>ìå>îØè ââ<é&å#ô eá$	Kïðáãé äèí«åaì½ádèï+Kélè.ä(å>ï$#







ê½å>å è.ïãê½â "áðâ<ïãåaí½í½á 
   .  
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)×z×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Es[(ε1D − εc)/(1 + 2εc)]
1 + 2εc
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Es[(ε1D − εc)/(1 + 2εc)]
1 + 2εc
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Pv ≤
Pat
lê½å>å Háãñ  ´ô
è 
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J−1(F · Σ · F T ) · ν(t) = −Pv ν
(t),
 M 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q = Kat(Pv − Pat)
eç#å>é
Pv ≤ Pat,
q = Kp(Pv − Pat)
eç#å>é
Pat ≤ Pv ≤ Par,




eç#áðæ¡çáðêî#åaò#áðæÿí«åaî # í«ç&åêâ<ïðáãî~æ>ó#ìG	<åáðé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#é#å>ê
q = f(Pv, Par, Pat),
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q = 0
"áðêì½åaïdè  å>îó#ê½áãé#ñÔìå>ïdèí«áðâ.é




















   
Háðñ<ó&ì½å  8 $â.ìí«áãægè.é&îNäáÃí«ì½è.ï 	.èï$	<åaêä(âî#åaï+  ä(å>æ¡çlè.é&áðê½ä è.é#î   Lâ<ì½äNó&ïdèí½áðâ<éè.êè±î&â<ó #ïãåæaâ<éí¡è.æÿíò#ì½â &ïðå>ä  dô"ôG!pìå>ïdèí«áðâ.é  M  !Âè.é#î   !pìå>ïdèí«áðâ.é 0 3 !:
  4Ý"!)×KÞQÞa×  ÔÛÝ]×7Þ
+éÊâ<ìî#å>ìí½ââ&í¡è.áãéè.éè.æ>æaó#ì«èí½åì½å>êò'â.é#ê½å$âKí«ç#åä(âî#åaï<î#ó#ìáðé#ñeé#â.éô+áãê½â	<â<ïãó#ä(åaí«ìáðæò#çlè.êå>ê  è.é#îò#è.ìí½áðæ>ó&ïdè.ìï$#yî&ó#ì½áãé#ñå å>æÿí«áðâ.é  Âågèïðê½âé#åaå>îí½âä(âî#åaïí«ç#å$å  í«åaì½élèï#ïðâKâîzæaáðì½æaó#ïdèí«áðâ.é  eç#áãæ¡ç è.æaæ>â<ó#éí½ê Lâ<ìí½ç#å 	è.ìádèí½áðâ<é&êâ
Par
è.ïðâ<é&ñ±í½ç#åæQè.ìî#ádè.ææ#Kæ>ïãå $éå  í«å>é&ê½á$	.åzïðáãí½å>ì½èí«ó#ìåå  áðêí½êNâ<éí½ç#å Lâ<ìäNó#ïdèí«áðâ.é èé#îoæQè.ïãá#ì½èí«áãâ<éqâè.ìí½å>ì½áðè.ïò#ì½åaê½êó#ì½åZô lâ ìå>ïðèí«áãâ<é#êáðé í½ç#å Lâ<ìä âí«áãäåZô+î#åaò'åaé#î#å>éí7  ê"âÍí«åaéæQè.ïãïðå>î/ 9 áðé&î .åaê½ê½åaïyä(âî#åaïðê#"  9 å çlè
	.å è.ïðêâÔå  ò)å>ìáðä(å>éí«åaî eáãí«ç M Ñè.ìí½å>ìádè.ïäâKî#å>ïãê  élè.ä(å>ï #  eáãí«ç â<é&åNê½òlèæ>å	è.ì½áðè#ïðåÊáðéÌèî#î#áãí½áðâ<éØí«â í«áãäå  âí«ç#åNí #Kò)åî#å>êæ>ì½á$'åaîzáðé,. M  5  &ó&ígí«ç&åyê½æ>è.ì½æaáãí #â]æQè.ïãá#ì½èí«áãâ<é±îlèí«èNè.é#î~ìå>ê½ó&ïãí«êpäÕèå>êgêó#æ¡çäâKî#å>ïãêGò#ì½åaê½åaé_í½ï$#oáãélè.îlèò&í«åaîPí½â å>êí½áðäèí«áãâ<éò#ó&ì½ò)â<ê½åaêÕè.é&î Âåzî#âqé#â.íLó#ìí«ç#åaìì½å>ò)â<ìíâ.ézí½ç#å¹æ>â<ìì½åaê½ò)â<é#î#áãé#ñ±ê½áðäó#ïdèí½áðâ<é&êgáðé í½ç#áðêòlèò'åaì
M 6
9 áðé#î å>êê½å>ï)è.é&îGê½áðä(áðïðè.ì]ïðó#ä(ò)å>îNä(âî&å>ïðêHè.ì½åpâÍí«åaéGó#ê½åaî±í½âì½åaò#ì½åaê½å>éí #ïãââKîlâè.é#îzò#ì½åaê½êó#ì½åáðézè.ìí«åaì½áðåaê  ç#åaê½å¹ä(âî#åaïðêgæ>è.é 'åî&å>ì½á 	<åaî Lìâ<ä åaïðåaæaí«ìáðæ>è.ï æaáðì½æaó#áãíè.élè.ïãâ<ñ<áðåaê8eç#åaì½åæ>ó#ìì½å>éíè.é#î 	.â<ïãí«è.ñ<åì½åaò#ì½åaê½åaé_íè.ìí«å>ìádè.ï lâTè.é#îzò#ìå>êê½ó#ìå%ì½åZôê½ò)å>æaí½á$	.å>ï$#  ç#åeâ<ì½áãñ<áðé#è.ïáãî#åQèê Lâ.ìê½ó#æ¡çäâKî#åaïðê Âå>ì½å lìêí$ò#ìâ<ò'â.ê½å>î  # ' 1è.ïðåaêáðé M 6   Nè.é#î Ló&ìí«ç&å>ìgî#å0	<åaïðâ<ò)å>î  #  %ì½è.é (áðé M    ,lâ<ìÂäâ.ì½åî&åaí¡èáðïðåaî áðé Lâ<ìôäÕèí½áðâ<ézèé#îØìåLåaì½å>é&æ>å>êâ<é 9 áðé#î .å>êê½åaï4ä(âKî#å>ïãê Âå¹ì½åLåaìí«â±å ñ  .10     
 M  












î#åaé#â.í«åaêGí«ç#å 	<åaé#â<ó#ê(ò#ìå>ê½êó#ì½å  ç#áðê±ì½åaïdèí½áðâ<éÔáðêGâ<é#ï # 	è.ïãáðîoî#ó&ì½áðé&ñå#å>æÿí«áãâ<é 4élè.ä(å>ï$#eç#å>é
q > 0
2ó#ìáðé#ñáðêâ6	.â<ïðó&äåÿí«ì½áãæNò#çlèê½å>êè.é#î 	<åaé_í½ì½áãæ>ó#ïðè.ì
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F B = kΠz(B











	<å>ìG#î#á  æ>ó&ïãíeí«â(å>êí«áðäèí½å 9 åæ>â<é#êáðî#åaì½åaî è.éØáðé#áÃí«ádèï'í«áãäå t0 æ>â<ìì½åaê½ò)â<é#î#áãé#ñí½âí«ç#ååaé#î±âlí«ç#å #ïðïðáãé#ñá+ å
q = −V̇ = 0
è.é#î
u ≡ 0
è.é#îÂåò#ì½åaê½æaì½á)å>î +ì½åQèïðáðêí«áãæ"áðé#áÃí«ádèï 	è.ïðó&å>ê Lâ<ì"í«ç#åeî#áãê½ò#ïðè.æ>åaäåaéí«ê
y(M, t0) = y0(M)
í«ç&åæaâ<éí«ì«èæaí«áãïðåêí«ì«èáðé#êêí«á  é&å>ê½êå>ê~èé#îêí«ì½åaê½êå>ê Aé#è.äåaï$#
εc(M, t0) = εc,0(M)
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è.é#î
τc(M, t0) = τc,0(M)
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Γ = 0 ∀v ∈ V,
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σaim0 = argmin
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   0 !
eáãí«çæ>â.é#êí½ì«è.áãé_í½ê
Φ(ti)(Xti , Xti−1 , σ0) = 0 , i = 1, . . . , N,
   !





j = 1, . . . , n,
eç#å>ìå
Φ(ti)(Xti , Xti−1 , σ0) = 0
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{YMp,tk}p,kè.ì½å¹ñ<åaé#å>ì½èí«åaîØó&ê½áðé&ñ
YMp,tk = HXMp,tk + v(Mp, tk),
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0.05 maxp,k(|HXMp,tk |)∗[−1, 1]
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